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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. Sulfonated aromatic series polyether ketone including unit expressed with following type (II). 
[[:Ar-0-]p-Ar-[[CO-Ar'-]x-0-Ar]m-[CO-Ar'-]y-[0-Ar-]n-CO-](II) 

(1% thru/or 100% of Q-phenylene-CO unit is permuted by the S03M set among the formula, a 

non-sulfonating [ sulfonation and ] O-phenylene-O unit may be desired sequence relatively at a 

non-sulfonating [ sulfonation and ] Q-phenylene-CO unit and a list, and it is;.) 

Ar, Ar, and Mx, n, m, y and p are defined as follows. : Ar is the phenylene ring of Para and/or 

meta-association.; 

Ar' is a phenylene unit, a naphthylene unit, a biphenylene unit, the Anh Tori Wren unit, or the 
aromatic series unit of other bivalence.; 

X, and n and m are mutually-independent, and each is 0 or 1.; 
y is 0, 1, 2, or 3.; 

p is 1, 2, 3, or 4, and is in; list. M is one or the element beyond it chosen from the following 
group, taking ionic valency into consideration, is :H+, NR4+ (it is a R=H or C1-C4-alkyl group), 
or a metal, and is alkali metal, alkaline earth metal, or the metal of the 8th subgroup preferably. 

2. Sulfonated aromatic series polyether ketone including unit of formula (III) according to claim 
1. 

3. Sulfonated aromatic series polyether ketone including unit of formula (IV) according to claim 
1. 

4. Sulfonated aromatic series polyether ketone including unit of formula (V) according to claim 

5. Sulfonated aromatic series polyether ketone including at least two units of formula (II), (III), 

(IV), (V). or (VI) according to claim 1. 

6. It is Approach of Preparing Sulfonated Polyether Ketone. In Said Polyether Ketone, 1% 
thru/or 100% of Q-Phenylene-CO Unit is Permuted by S03M Set.; 

Process which dissolves the polyether ketone shown by the following formula (I) in 94 % of the 
weight thru/or 97% of the weight of a sulfuric acid; 
[Ar-0-]q-Ar-[[C0-Ar-]r-0-Ar]s-[C0-Ar-]t-[0-Ar-]u-C0-3a 

(The inside of a formula, Ar, Ar , and : Ar by which q, r, s, t, and u are defined as follows are the 
phenylene rings of Para and/or meta-association, and is;.) 

Ar is a phenylene unit, a naphthylene unit, a biphenylene unit, the Anh Tori Wren unit, or the 

aromatic series unit of other bivalence.; 

r, u, and s are mutually-independent, and are 0 or 1.; 

t is 0, 1, 2, or 3, and is in; list, q is 0, 1, 2, 3, or 4. 

Process which adds a sulfonation agent at suitable temperature to the obtained solution; 
In the process and; list which carry out after treatment immediately after attaining whenever 
[ desirable sulfonation / of an Q-phenylene-CO unit ] How to consist of a process which 
changes a sulfonic group into the gestalt of the salt as occasion demands. 

7. Approach according to claim 6 of being range whose melting temperatures are 10 degrees C 
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thru/or 80 degrees C. 

8. Approach of claim 6 thru/or one or more publications of seven which is range whose 
sulfonation temperature is 10 degrees C thru/or 100 degrees C. 

9. Approach of claim 6 thru/or one or more publications of eight whose temperature of solution 
after sulfonation agent addition is at least 30 degrees C. 

10. The approach of claim 6 thru/or one or more publications of nine whose used sulfonation 
agents are the mixture of a sulfuric acid, an oleum, oleum, a chlorosulfonic acid, a sulfur trioxide, 
or this compound. 

1 1 . The approach of claim 6 thru/or one or more publications of ten to which sulfuric-acid 
concentration adds oleum to the polyether ketone dissolved in the sulfuric acid until 98 % of the 
weight thru/or 100 % of the weight, or oleum concentration becomes 0.01% thru/or 15% of the 
weight by S03 weight concentration. 

12. The approach of claim 6 thru/or one or more publications of 1 1 whose Ar' is a phenylene 
group. 

13. The approach of claim 6 thru/or one or more publications of 1 1 using the aromatic series 
polyether ketone which is the copolymer compounded from at least two different units among a 
formula (11), (III), (IV), (V), and (VI). 

14. The approach of claim 6 thru/or one or more publications of 1 1 by which the mixture of a 
different aromatic series polyether ketone is used, and at least one of said the aromatic series 
polyether ketones is compounded from the unit of a formula (III), (IV), (V). or (VI). 

15. The approach of claim 6 thru/or one or more publications of 14 using the aromatic series 
polyether ketone whose non-sulfonating unit is a CO-phenylene-CO unit. 

16. The approach according to claim 6 which the polyether ketone of a formula (III) is dissolved 
in 95 % of the weight thru/or 97% of the weight of a sulfuric acid below 80 degrees C, and is 
sulfonated at 10 degrees C thru/or 80 degrees C in 95 % of the weight thru/or 99% of the 
weight of a sulfuric acid. 

17. The approach according to claim 6 which the polyether ketone of a formula (IV) is dissolved 
in 95 % of the weight thru/or 97% of the weight of a sulfuric acid below 80 degrees C, and is 
sulfonated at 30 degrees C thru/or 90 degrees C in 95 % of the weight thru/or 97% of the 
weight of a sulfuric acid. 

18. The approach according to claim 6 which the polyether ketone of a formula (V) is dissolved 
in 95 % of the weight thru/or 97% of the weight of a sulfuric acid below 80 degrees C. and is 
sulfonated at 50 degrees C thru/or 100 degrees C in 95 % of the weight thru/or 97% of the 
weight of a sulfuric acid. 

19. It is Approach of Preparing Sulfonated Polyether Ketone. Process Which Dissolves 
Polyether Ketone in 94 % of the Weight thru/or 97% of the Weight of Sulfuric Acid; 

In the process and; list which sulfonate a polyether ketone in a sulfuric acid, an oleum, oleum, a 
chlorosulfonic acid, or those mixture It consists of a process which carries out after treatment 
of the reaction mixture immediately after attaining whenever [ desirable sulfonation ]. Approach 
by which 1% thru/or 100% of O-phenylene-CO unit is permuted by S03M set. 

20. The polymer electrolytic solution containing the aromatic series polyether ketone by which 
claim 1 thru/or one or more publications of five were sulfonated. 

21. The polymer electrolytic solution according to claim 20 which contains the polyether ketone 
of a formula (II), (III), (IV), (V). and/or (VI) at least 1% of the weight. 

22. The polymer electrolytic solution according to claim 20 which contains an aprotic polar 
solvent as a major component. 

23. The polymer electrolytic solution according to claim 20 which contains a small amount of 
assistant further if required for sulfonation or a non-sulfonating polymer list. 

24. Claim 20 for manufacturing the unsymmetrical film thru/or the activity of the polymer 
electrolytic solution of one or more publications of 23. 

25. Claim 20 for manufacturing a coherent film thru/or the activity of the polymer electrolytic 
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solution of one or more publications of 23. 

26. Claim 20 for establishing contact especially strong between the front faces of two polymer 
electrolytes thru/or activity of the polymer electrolytic solution of one or more publications of 

23. 

27. Claim 20 for obtaining porosity or a coarse front face, after contacting a solution to a 
precipitant thru/or the activity of the polymer electrolytic solution of one or more publications 
of 23. 

28. Claim 1 for manufacturing a polymer film, in order to prepare the polymer electrolytic 
solution thru/or the activity of the polymer of one or more publications of five. 

29. For example, the activity of the polymer of claim 1 thru/or 5, and/or one or more 
publications of 28 in an electrochemical cell, such as a fuel cell or a cell. 

30. The film which has the thickness containing claim 1 thru/or the polymer electrolyte of one 
or more publications of five of 5 micrometers thru/or 1mm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

The sulfonated polyether ketone, its preparation approach, and its activity as film manufacture 
This invention relates to the activity of the preparation approach of the polymer electrolyte 
which consists of a sulfonated aromatic series polyether ketone, and this polymer electrolyte, 
the activity of this polymer electrolyte, the solution of the polymer electrolyte concerning a list, 
and this solution. 

The sulfonated polyether ketone constitutes a cation exchanger. This polyether ketone is useful 
in an ultrafiltration, demineralization, and clearance of a microorganism as film matter, and this 
polyether ketone is because even it of the bottom of existence of water is structurally stable in 
many cases. The sulfonated polyether ketones are a proton and the cation conduction matter, 
and are useful as a component of electrodialysis or an electrochemical cell. 
A start raw material is an aromatic series polyether ketone shown by the following formula (I). 
[[Ar-0-]q-Ar-[[CO-Ar'-]r-0-Ar]s-[CO"Ar-]t-[0-Ar-]u-CO-] (I) 

(The inside of a formula and Ar are the phenylene rings of Para and/or meta-association, and 
are;.) 

Ar' is a phenylene unit, a naphthylene unit, a biphenylene unit, the Anh Tori Wren unit, or the 

aromatic series unit of other bivalence.; 

r, u, and s are mutually-independent, and each is 0 or 1.; 

t is 0, 1, 2, or 3, and is in; list, q is 0, 1,2, 3, or 4. 

The polymer which are q= 1, r= 0, s= 1, t= 0, and u= 0 is BIKUTO lek. 

X^MVictrex^) V^^^^X-mHe^l-A^^tfe^^fo^o q 1 . r=0. s 

= The polymer which are 0, t= 0, and u= 0 is similarly manufactured as Victrex. q= 1, r= 0, s= 0, 

t= 2, and u= 1 — it is — and [ furthermore, ] 

Ar;0^^1, 4 v:/T^fea/Ky -v- — h9-<:y ^"^^ (Ultrapec"^) t 

It is commercially available with the trademark to say. 

A polyether ketone can come to hand easily. A polyether ketone is fundamentally compounded 
by the electrophilicity-Friedel-crafts polycondensation reaction, and suitable aromatic series 
diacid halide and the aromatic series ether react in this reaction. This possibility is United 
States patent 3rd. 065 No. 205, GB-971 277 United States patent 3rd 441 No. 538, GB-1 387 It 
is indicated by 303 and WO 84-03891, and the list a paper, Iwakura, Y., Uno, K. and Taniguchi, 
T.J., Polym.Sci., Pat.A-1, and 6 and 3345 (1968). In addition, an ether ketone can be obtained by 
the nucleophilicity-aromatic substitution reaction. Therefore, for example, :R.A.CIendinning to 
which suitable aromatic series screw diol reacts with an aromatic series screw halo ketone as 
indicated below, A.G.Farnham, W.F 

Hall, R.N.Johnson and C.N.Merriam, JPolym.Sci.A1, 5 and 2375, (1967) GB-1 177 183 GB-1 141 
421 EP-0 001 879 U.S. Pat. No. 4 108 837 U.S. Pat. No. 4 175 175, T.E.Attwood, A.B.Newton, 
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J.B.Rose, Br 
Polym.Journ.A391, 

(1972);T.E.AttwoodP.C.Dawson,J.LPreeman,L.R.J.Hoy,J.B.RoseP.A.StanilandPolymen22.1096. 
(1981X 

Preparation of a polyether ketone by which said a part of polyether ketone origins were 
sulfonated is EP-A"008. 895 EP-A -041 780 and EP-A -575 It is indicated by 807. 
EP-A-008 According to 895, the polymer sulfonated is suspended in 98% of the weight of a 
sulfuric acid at a room temperature. A dissolution process and sulfonation take place 
simultaneously and a solution with high viscosity is given gradually. This solution is 
concentration as it is, or is diluted with the same temperature with the sulfuric acid of the same 
concentration. A reaction advances very slowly. ****** [ before ten weeks pass ], it is 
sulfonated only 90% of the phenylene unit which can be sulfonated. In the used polyether 
ketone, the ratio of the number of ether bridge formation and CO bridge formation is 2:1 about. 
EP-A -008 According to 895, only an O-phenylene-O unit is sulfonated under the 
aforementioned conditions. 

EP-A-041 According to the approach of 780, the aromatic series polyether ketone which 
constitutes a copolymer is sulfonated at an elevated temperature. Some monomeric units (A) 
can be sulfonated and another monomeric unit (B) is not sulfonated. Therefore, whenever 
[ sulfonation ] is controllable by the ratio of A/B. However, in here, a reaction condition does 
not change in a dissolution process and after that. A corresponding homopolymer (A) is 
superfluously sulfonated under the aforementioned condition, and, so, gives a meltable 
compound to water. In this case, since sulfonation just takes place in the dissolution process of 
a polymer, it is difficult to control whenever [ sulfonation ] and to obtain a low sulfonation 
product. EP-A -041 According to the approach of 780, under the aforementioned conditions, 
only an O-phenylene-O unit is sulfonated similarly. 

EP-A-575 In the case of an approach given in 807, the polymer sulfonated is dissolved in the 
sulfuric acid of concentration at a room temperature 94 % of the weight thru/ or 97% of the 
weight. Partial sulfonation of a dissolution process and a polymer takes place simultaneously, 
and gives a viscous solution gradually. 

A sulfonation agent is added until sulfuric-acid concentration becomes 98 % of the weight 
thru/or 99.9% of the weight. It is maintained, and after treatment of it is continuously carried out 
until a solution reaches whenever [ desirable sulfonation ]. 

Under these conditions, only an O-phenylene-O unit is sulfonated and an 0-phenylene-CO unit 
does not continue not receiving an attack. It is restricted to one of four equivalent locations of 
the phenylene ring which this is checked by Daoust and others (Polymer, Vol.35(25), 5491-5497 
(1994)), and the sulfonation process is restricted to one sulfonic group per repeat unit, and is 
surrounded per two ether. Since other two phenylene rings are dramatically inactivated by the 
nearby ketone unit according to Daoust, sulfonation does not take place here. 
In sulfonation of the polyether ketone using a chlorosulfonic acid or S03/triethyl phosphate 
complex, bridge formation of most amount and disassembly of a polymer principal chain are 
observed (Marvel et al.. Journal of Polymer Science, Polymer Chem.Edition, vol.23. 2205-2223 
(1985) and Bishop et al., Macromolecules, voL18, 86-93 (1985)). 

or [ that only the O-phenylene-O unit of the used polyether ketone is sulfonated in the 
approach of the advanced technology, and an O-phenylene-CO unit and a CO-phenylene-CO 
unit are not sulfonated at all ] — or when little deer sulfonation is not carried out dramatically 
or severer conditions are used, destruction of bridge formation or a polymer principal chain 
takes place. The polymer without an O-phenylene-O unit cannot sulfonate any extent. When a 
comparatively severe reaction condition is used, even if the product obtained is insoluble to a 
common solvent, it so cannot use it as a solution, and processing processing cannot be further 
carried out or it is made, it is accompanied by remarkable difficulty. 

According to the advanced technology, it is not expectable that the 0-phenylene-CO unit in a 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/10/25 



JP,11~502249,A [DETAILED DESCRIPTION] 



3/14^— V 



polyether ketone is sulfonated. Expectation that similarly the sulfonated corresponding product 
dissolves in a common solvent from the advanced technology cannot be performed. In the 
advanced technology, it is considered impossible to attain quiet sulfonation of the next 
phenylene ring of the keto radical in a polyether ketone immediately, without disassembly of 
bridge formation or a polymer principal chain taking place. 

The object of this invention is obtaining the sulfonated new polyether ketone offering the 
approach of the sulfonation which the polyether ketone of a formula (I) is quiet and can be 
controlled that so sulfonation not only of an 0-phenylene-O unit but an 0-phenylene-CO unit 
is attained, and by doing so. The further object is preparing the solution of this polymer. 
Although it is having become clear now at the surprising thing, the polymer of this invention can 
fully be sulfonated, where not only an O-phenylene-0 unit but an 0-phenylene-CO unit is 
controlled, and if the obtained product is sulfonated to some extent above, it will become 
meltable, the polymer which consists of only O-phenylene-CO units — it is even — it is set as 
the object of sulfonation. 

Therefore, this invention offers the sulfonated aromatic series polyether ketone including the 
unit expressed with the following type (II). 

[[Ar-0-]p-Ar[[CO-Ar-]x-0-Ar]m-[CO-Ar-]y-[0-Ar-]n-CO-](II) 

(1% thru/or 100% of 0-phenylene-CO unit is permuted by the S03M set among the formula.) In 

a non-sulfonating [ sulfonation and ] 0-phenylene-CO unit and a list, a non-sulfonating 

[ sulfonation and ] 0-phenylene-O unit You may be desired sequence relatively. Ar, Ar , and Mx, 

n, m, y and p are defined as follows again. : Ar is the phenylene ring of Para and/or meta- 

association.; 

Ar' is a phenylene unit, a naphthylene unit, a biphenylene unit, the Anh Tori Wren unit, or the 
aromatic series unit of other bivalence.; 

X, and n and m are mutually-independent, and each is 0 or 1 .; 
y is 0, 1, 2, or 3.; 

p is 1, 2, 3, or 4, and is in; list. Taking ionic valency into consideration, M is one or the element 
beyond it chosen from the following group, and is :H+ and NR4+ (it is a R=H or C1-C4-alkyl 
group.). 

Or it is alkali metal, alkaline earth metal, or the metal of the 8th subgroup, and they are H+, 
NR4+, Na, K, calcium, Mg and Fe, or Pt preferably. 

This invention offers similarly the preparation approach including the unit of a formula (II) of a 
polyether ketone that the above was sulfonated, and the preparation approach of the polymer 
electrolytic solution containing this polymer, and provides a list also with the activity of this 
polymer electrolytic solution. 

By using the approach by this invention, it is possible even in an 0-phenylene-CO unit to 
sulfonate the aromatic series polyether ketone which has the unit of a formula (I). 
When the published reference is followed, it turns out that sulfonation takes place preferentially 
per 0-phenylene-[ of a polyether ketone ] O. To a surprising thing, according to the approach 
of this invention, it turns out that the O-phenylene-CO unit of a remarkable rate is sulfonated 
similarly, and whenever [ sulfonation ] is comparatively high. 

The approach of this invention includes the after treatment of addition of the sulfonation agent 
to the solution with which it was obtained until the dissolution of an aromatic series polyether 
ketone to the sulfuric acid of 94 % of the weight thru/or 98-% of the weight concentration and 
the concentration of a sulfuric acid became 98 % of the weight thru/or 100% of the weight, or 
until the concentration of oleum became 0.01% thru/or 15% in the weight of S03, establishment 
of suitable reaction temperature, and the reaction mixture immediately after becoming whenever 
[ desirable sulfonation ]. 

or [ that an aromatic series polyether ketone can be considerably controlled under desirable 
quiet conditions (i.e., sulfonation) ] — or it dissolves in a sulfuric acid under the conditions 
which do not happen yet. 
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The concentration of the sulfuric acid used for the dissolution is 94 % of the weight thru/or 97- 
% of the weight concentration preferably. The melting temperature chosen is as low as possible, 
in order to avoid the sulfonation reaction in this phase substantially. Generally, the range of a 
melting temperature is 10 degrees C thru/or 80 degrees C, the range of it is 20 degrees C 
thru/or 80 degrees C especially, and the range of it is 30 degrees C thru/or 60 degrees C 
preferably. 

Ar and Ar' which is all the bivalence aromatic series radicals of the polymer sulfonated — 
especially — phenylene — it is 1 and 4-phenylene preferably. 

It is desirable to use the homopolymer of a formula (III), (IV), and (V), and the polyether ketone 
of this invention obtained by this contains what is the unit which consists of these formulas and 
was sulfonated. The sulfonation process indicated under the controlled condition enables 
sulfonation of a polyether ketone even in an 0-phenylene-CO unit. 



(Ml) 





(IV) 



<V) 



The polyether ketone sulfonated in still more desirable operation aspect is a formula (II) (III). It 
is the copolymer which includes at least two different units among (IV), (V), and (VI). 



(VI) 
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About the homopolymer of a formula (III), after 5h passed after the dissolution process 80 
degrees C or less at the room temperature in [ 95 % of the weight thru/or 97% of the weight of ] 
a sulfuric acid, whenever [ smaller than 1 4 mol% sulfonation ] was observed on one repeat unit 
criteria. 

About the homopolymer of a formula (IV), after 24h passed after the dissolution process 80 
degrees C or less at the room temperature in [ 95 % of the weight thru/or 97% of the weight of ] 
a sulfuric acid, subsequently with the sulfonation temperature of the range of 30 degrees C 
thru/or 90 degrees C, whenever [ about 25 mol sulfonation /% of ] was observed on one repeat 
unit criteria. 

About the homopolymer of a formula (V). after 24h passed after the dissolution process 80 
degrees C or less at the room temperature in [ 95 % of the weight thru/or 97% of the weight of ] 
a sulfuric acid, whenever [ about 12 mol sulfonation /% of 3 was observed on one repeat unit 
criteria. 

Whenever [ sulfonation ] is one repeat unit criteria, and desirable dissolution conditions become 
less than [ 35mor/o ]. Sulfonation of a principal chain is enough controlled between dissolution 
processes. By examination, it became clear that decomposition does not take place between 
dissolution processes. 

As a sulfonation agent used in order to make sulfuric-acid concentration increase, and in order 
to perform sulfonation, it is desirable to use a sulfuric acid, an oleum, oleum, a chlorosulfonic 
acid, and a sulfur trioxide. 

The behavior of sulfonation of a polyether ketone changes as the function of the ratio of an O- 
phenylene-O unit, an 0-phenylene-CO unit, and a CO-phenylene-CO unit, and a number of 
functions with which said unit in a polymer principal chain continues. Direct effectiveness has 
change of the charge of a phenylene ring in the behavior of the sulfonation. However, side 
reaction also determines how many disassembly [ the bridge formation whose concentration / 
of the influenced combination-sulfuric acid of; reaction parameter /, reaction temperature, and 
reaction duration time - minds / how many O-phenylene-CO units / an O-phenylene-O unit 
and / are sulfonated and / a sulfone radical, or ] of a principal chain take place by change of 
the charge of a phenylene ring. 

Therefore, in each polyether ketone, probably, the ideal reaction parameters for making 
crosslinking reaction and disassembly of a principal chain into min differ, while acquiring the O- 
phenylene-0 unit sulfonated by the high ratio. The description of the approach of this invention 
is ensuring very advantageous progress of a sulfonation reaction by choosing the combination of 
the most suitable parameter. 

As a general principle, the aromatic series structure which was rich in the electron is sulfonated 
preferentially. 

When a different reaction site in sulfonation can be used (i.e., when a start raw material polymer 
has various aromatic series structures where electron density differs), it especially depends for 
the selectivity of a reaction site on each reaction parameter (time amount, temperature, 
concentration of an acid). 

In order to obtain whenever [ desirable sulfonation ] in an O-phenylene-CO unit, different 
selectivity depending on the structure of a start raw material polymer is desirable. So, 
depending on the structure of a start raw material polymer, especially the combination from 

which a reaction parameter differs is liked. 

So, a polyether ketone is subdivided according to the electronic state of the aromatic series 
structure. 

The 0-phenylene-O unit is more rich in the electron, so, can be easily sulfonated from an O- 
phenylene-CO unit, and can sulfonate an O-phenylene-CO unit shortly more easily than a CO- 
phenylene-CO unit. Measurement of the sulfonation ability (S) of a polyether ketone It is shown 
by S=4 EE+EK-KK and is among a formula. S is a sulfonation ability parameter.; 
EE is the percentage of the 0-phenylene-O unit in the aromatic series structure of a polymer; 
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EK is the percentage of the 0-phenylene-CO unit in the aromatic series structure of a 
polymer.; 

It is the percentage of the CO-phenylene-CO unit in KK ** and the aromatic series structure 
of a polymer. 

Because of it : It is EE+EK+KK=1 00%. 

A ratio V must be taken into consideration in case a desirable combination of a reaction 
parameter is chosen. : V=EE/EK Generally the following can be assumed. : If the value of 1.V 
becomes larger, in order to acquire the 0-phenylene-CO unit sulfonated by the high ratio, a 
severer reaction condition is needed.; 

2. time amount longer [ if the sulfonation ability S becomes smaller ] in order to obtain 
whenever [ desirable sulfonation ] — and — or; list for which a severer reaction condition is 
needed If 3. reaction condition becomes severer and reaction time becomes longer, extent in 
which side reaction occurs will increase more. 

If the polymer sulfonated is subdivided according to the above-mentioned outline, the polymer 
which is :S>150% which results in the following classifications can be sulfonated easily, the 
polymer which is 150% > S> 80% can be sulfonated to whenever [ middle ]. and the polymer 
which is S< 80% is difficult to sulfonate. 

In order that the combination of a certain reaction parameter may prepare a desirable 
sulfonation product taking the above-mentioned thing into consideration, it is clear that it is 
especially suitable. 

A different combination does not give the product to need. The example in a table clarifies this 
correlation. 

For example, while considering the polyether ketone of a formula (III) in which it is sulfonated 
whenever [ middle ] and deals reaction time becomes long to the given temperature (table 1), it 
turns out that the ratio of the sulfonated 0-phenylene-CO unit increases. In this case, it is 
possible to set up the temperature level which sulfonation of an O-phenylene-CO unit occurs 
within the period which can be adjusted, and can except most side reaction which is not 
desirable. However, below by a certain temperature limitation (60 degrees C), as for sulfonation 
of an ether ketone unit, in the case of comparatively long reaction time, only the minimum is 
observed, or it is not observed at all. It is applied also in the sulfuric-acid concentration at the 
time of the same thing being a reaction. Therefore, in the case of long reaction time, in 90 or 
less % of the weight of sulfuric-acid concentration, sulfonation of an 0-phenylene-CO unit is 
not observed appropriately. On the other hand, more highly than 90 % of the weight, in 99 or less 
% of the weight of sulfuric-acid concentration, clear sulfonation is observed also by short 
reaction time in the temperature of whenever [ middle ], and whenever [ this sulfonation ] can 
be further increased by lengthening reaction time, with temperature maintained. With a suitable 
combination of a reaction parameter, according to the approach of this invention, the polymer 
from which the ether ketone unit was sulfonated with high extent (1% thru/or 50%) under the 
quiet condition can be obtained, and decomposition side reaction can be enough controlled in 
that case. In order that an ether ketone unit may obtain the polymer sulfonated with high extent 
(1% thru/or 100%) under comparatively severe conditions with a suitable combination of a 
reaction parameter, the approach of this invention can be used. 

In case the polymer sulfonated by this invention is prepared For example, addition of oleum until 
sulfuric-acid concentration becomes 98 % of the weight thru/or 100% of the weight, or until 
oleum concentration becomes 0.01% thru/or 15% by S03 weight concentration. Addition of 
oleum until especially sulfuric-acid concentration becomes 98.5 % of the weight thru/or 100% of 
the weight, or until oleum concentration becomes 0.01% thru/or 5% by SOS weight 
concentration, And the concentration of a sulfuric acid is increased after a dissolution process 
by addition of oleum until sulfuric-acid concentration becomes 98.5 % of the weight thru/or 
100% of the weight preferably, or until oleum concentration becomes 0.01% thru/or 1% by S03 
weight concentration. 
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During actual sulfonation, reaction temperature may be higher than between dissolution 
processes, or may be more low. Generally, sulfonation is the temperature of the range of 1 0 
degrees C thru/or 100 degrees C, is a temperature requirement (30 degrees C thru/or 95 
degrees C) preferably, and is performed especially preferably in a temperature requirement (50 
degrees C thru/or 90 degrees C). Both lifting of temperature and the increment in reaction time 
make whenever [ sulfonation / of a polymer ] high. Especially the temperature of the solution 
after adding a sulfonation agent is 30 degrees C or more, typical reaction time — the range of 
45 minutes thru/or 24 hours — it is — desirable — 1 hour — or it is the range of 1 hour 
thru/or 4 hours especially preferably for 8 hours. 

If it becomes whenever [ desirable sulfonation ]. a reaction will be ended immediately, and for 

example, in an aquosity medium, it precipitates, a polymer is isolated and, subsequently it dries. 

Examination showed that, as for disassembly of a polymer principal chain, only small quantity 

happened during the sulfonation reaction. No CO-phenylene-CO units which exist in the 

aromatic series polyether ketone used are sulfonated by the approach of this invention. 

The advantage of the sulfonated O-phenylene-CO unit over the O-phenylene-0 unit in which it 

was sulfonated in the conventional polymer is divided, and is the stability over the hydrolysis in 

S03H set or S03M set which improved. The desulfonation of a polyether ketone sulfonated at 

the inside of a water environment and an elevated temperature may take place. Whenever 

[ adding-water desulfonation ], it is known that it is dependent on the electronic state of a ring. 

When using a sulfonation polymer in an aquosity medium, it is very serious that the property of 

a sulfonation polymer is kept constant, or [ therefore, / not desulfonating for a while in the case 

of the aforementioned application ] — or the activity of the sulfonation polyether ketone which 

it does not desulfonate at all is advantageous. In the aforementioned case, the polymer to which 

as many sulfonic groups as possible exist in an O-phenylene-CO unit as a result is especially 

suitable. It is a sulfonic group (S03H) succeedingly to sulfonation. 

It is changed into the gestalt (S03M) of a salt by ** and the known approach. 

The indicated approach gives the sulfonated meltable product to common solvents, such as 

NMP or DMSO, when whenever [ sulfonation ] is above to some extent. 

The polymer electrolytic solution prepared by the approach of this invention contains an aprotic 
solvent (NMP), for example, N-methyl pyrrolidone, or dimethyl sulfoxide (DMSO) in the 
polyether ketone of at least 1% of the weight of a formula (III), and a list as a major component 
in desirable operation aspect. For the object of using the polymer electrolytic solution 
continuously, this electrolytic solution may contain the further polymer which is not sulfonated 
or a small amount of assistant [ be / nothing / as if ] as occasion demands. 
The polymer electrolytic solution by this invention is suitable for manufacture of the film for the 
unsymmetrical film, for example, nano filtration, an ultrafiltration, or precision filtration, and 
especially manufacture of the coherent film which is the range whose thickness is 5 
micrometers thru/or 1 mm. 

The polymer electrolytic solution by this invention has an especially important role [ say / 
establishing the especially strong contact between the front faces of two polymer electrolytes ]. 
For example, after contacting a precipitant and a solution, porosity or a coarse front face can 
be obtained. 

A new polymer and the polymer electrolytic solution, or the polymer film containing this polymer 
is suitable for especially the activity in an electrochemical cell, for example, a fuel cell, or a 
water electrolysis cell. 

Example 96% of concentrated sulfuric acid was put into a tap funnel and the churning equipment 
of 4 openings equipped with the oil bath, and the various polyether ketones of a formula (I) were 
dissolved. Next, oleum (20% of the weight of SOS is included) was added, and the sulfonation 
mixture with which sulfuric-acid concentration has 0.1% thru/or 0.7% of oleum concentration by 
98.5 % of the weight thru/or 100 % of the weight, or S03 weight concentration was obtained. In 
order to ensure controlled optimal sulfonation, this mixture was returned to the room 
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temperature. The reaction was suspended and the product was isolated, after becoming 
whenever [ desirable sulfonation ]. The product was identified by measurement of viscosity, 13 
C-NMR spectral analysis, and elemental analysis. 

The example of a table 1 was performed using the homopolymer of a formula (III). The example 
of a table 2 was performed using the homopolymer of a formula (IV). The polymer of a formula 
(III) has 125% of S value, and so, is classified into whenever [ middle ] as sulfonation is possible, 
and on the other hand, the polymer of a formula (IV) has 180% of S value, and according to this 
invention, it is considered easily that sulfonation is possible. 

The example whenever [ sulfonation / of an O-phenylene-CO unit / whose ] (SEK which shows 
mol% of one repeat unit) is zero is a control experiment. 

The following abbreviations are used in the table. : No. is an experimental run number.; 

DT is a melting temperature expressed with **.; 

Dt is dissolution time amount expressed with a part.; 

PC is polymer concentration expressed with weight %.; 

RK is reaction concentration of oleum expressed with weight % of S03.; 

RC is reaction concentration of a sulfuric acid expressed with weight % of H2S04.; 

RT is reaction temperature (sulfonation temperature) expressed with **.; 

Rt is reaction time expressed with a part.; 

DS is whenever [ sulfonation / which is expressed with mol% of one repeat unit ].; 

SEE is whenever [ sulfonation / of the O-phenylene-O unit expressed with mol% of one repeat 

unit ].; 

SEK is whenever [ sulfonation / of the O-phenylene-CO unit expressed with mol% of one 
repeat unit ].; 

IV is intrinsic viscosity expressed with dl/g (it measures at 25 degrees C among dark H2S04). 
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70 


180 
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70 
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70 
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(54) K!||©^»] XJl'3|?>"ftSnfcsj«Ux-?;i^yh>, -eoflSlt&fe, RtSBaSBfttbTO-eOflM 



(57) 

s; (II) tf3isn«;:^;V3l^Mt;snfc^#i^^'Jx-5^* 

f [Ar -0-Jp -Ar [ [CO-Ar'-]»-C-Ar] 
(ittfi, 1 %75S1 0 0 5K©O--7xr::P'>-CO*'l& 

*x;>3|^>'ffc;o-:7rtnk>-co*'fi5:. Mt^t'x;i'4^ 

a. y, XC^p*^ £tT© J; 5 IcS^^n^ : Artt, 
/'t^2fet^/XK;^5')iS^CD:7x-k>SST?*0 : Ar' 
tt, >'xnk>m'e:, :^75"^>¥& lf7x-P>m 



[CO-Ar'-],-[0-Ar-]„-CO-] { H ) 

«n!JbO;y«> 0. 1, 2Xtt3TfeD:pK, 1. 

iRT*D:H+, NR4* (J^CT?, R=HSL<KCi- 
C4 -T;V4^;k»'TP&S) Xtt^M. »*U<K, 
*'J^«, XKTJl'*'J±IS^«, Xttm8ffijfe©^« 

fcit'L, p=i, B^o, y=2, n=i-?r»aiii 



(2) 

[ [Ar - 0-] p - Ar- [ [CO - Ar ' -] X - 0 - Ar ] m- [CO - Ar ' -] y- [0 - Ar-] n-CO-] (II) 

(^4^. 1 %nmi 0 0 %(Do-y::c-u>-comtf)^sozumz^-Dxm 

Ar, Ar\ M. x, n, y. :R0^W> OT® J; 5 tl^ : 

^^TafeD : H+. NR4+ (R-H^b < «c i- C4-r;v^;i/STa5^) > X 
$fSb<«, t;1/:^U^M> r;i/:^U±^#jS, x^ilSSMi^a) 

2. ^ (I I I) (D^^i^^c;. m^JSi (cfH^(D7>;i'7i^Mb$nrc^#:^#U 

3. ^ (IV) cD^^i^-^t^, |f5i<3Si ici3«(Dx;i/jJ^Mb$n;^c^#i^#Ux 

4. ^ (V) ©m^^^ir. fs^jsi ^cfBm(7:)7.;^3}^>'^b$nfc^#^^4?Ux- 
■7^;^^ h>. 

5. ^ (I I) , (I I I) > (IV) . (V) XJi (VI) (D^pf^<h%~^ 

o^^i^^tf, MslcJS 1 i;:fS«®x;i/4^Mb$nfc^#i^3j^Ux-7^;i/^ h>o 

6 . x;i/4^ nfe# u x-x;i/^ h >mMmt^:f3^x-&'ox. 
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(3) 

tfi=s#ux-T-;i/^h>T-«, ixnmi o o%(DO-yji:=.u>-comt 

TIH^ (I) T^$n-5>3j^UX-x;l/^h>&, 9 4mS%73;S9 7m«%(D 
[Ar-0-]q-Ar-[[CO-Ar' -] r-O-Ar] s-[CO-Ar' -] t- [0-Ar-] u-CO-] (I) 

Ar'«. :7xzii/>:^ji, ^:7^v>m^, t::7xni/>m^, ^b<«T> 

0. 1. 2. X«3T$)D ;^ZS\Z 
0, 1. 2. 3X«4Ta5^o ) 

o - :7 XX 1/ > - c o#{4(DM^ b Mb^/J^^^B^tK^ n;^cit^t;iftMS 
8. x;i/4^>'ft;ia^/^n o°c7^si 0 ot:co^fflT$.^, M^JS 6 t^m 7 © i J!^ 

12. Ar'/^^~Xxxl^>STfe^> af5t<J16 7!;Sl l(DlJ^±(r|2m(D;^^„ 



(4) 

13.T^:(II), (III) > (IV), (Y) (YD (D-o-^'pts:<t%:r. 
#Ux-T-;V^ h>©^>fj:< <h=b-^/0^\ ^ (III) > (IV) , (V) (V 

16. (III) (7)4^UX-7";I/^ h>:^^\ 8 0t:OT{::T9 5a*%7^M9 7 

mm% (Drnmizmm-^n. ^lt, i ot:7^M8 ot:(;:T9 5S«%7^M9 

17. ^ (IV) (D7}tUX-T-;i/<^rh»0^ 8 0'COTfCT9 5aa%7^M9 7m 

m%(Dmm\zmm'^ri. ^lx. 3 o°c7^s9 o°ct9 5Ss%7^s9 7a«% 

18. ^ (V) (D#UX-7";V^h>:;5^\ 8 0 ri^TfCT 9 5 mM%7^S 9 7 m 

m%<Dm.m\zmm^n. ^lt, 5 o-ct^mi o o'C7?9 5ms%7;>M9 7a» 

1 9. x;i/Ji^>'fb$nfc4^ux-7^;v^h>Si®^-r^;^i*T&oT. 

m^v^^:^)v^>itm^mfi^^tircmmzKmu^m^mmmr^i:uh 

1 0 0 %(Do-y:iL=-uy- commas o^um\z.i:-Dxm^'^n^ 

2 0. »^3Si7^S5(Dii^±tctH«(7)x;i/4^Mb$nfe^#i^#ux-5^;v^ 
2i.T^(ii). (Ill), (IV), (V) ^r^/^fc^i (V I) co/j^ux 



(5) 
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2 3. x;v3}^MiiX«#x;v4^>'fi::#u v-Mmc, <^j.^T^n«\ {i^momm 
24. mmo^m^mM-r^rcisbo). m^m2on^2 3(Di^A±.\zmm(Dt^^j 
2 5. mM^y4)VA^mm'r^r^ib(D. mMm2onm2 3 0i^±\zBm(D 
2 6. -^(DT^^j'^—mmM(Dmm(Dmizw\zm^^^m^miL'r^rzib(D. 

3S20 7?;S23(D1 J^±{CBSic®# U 'T-«f^?g(Z)^fflo 

2 7. mn^ttmMtmm-^'iircmz. ^^^(Dx\tm^^m^n^rz^(D. m 

2 0 T^M 2 3 1 l^A-bt::IHi^(7)# U '^-mMM(D^mo 

5 5 islzs/xu 2 8(di &.±\zmm.(D^ u -^-(Dmmo 
m (d;? $ ^ W t" ^ :7 ^ ;v A o 
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(6) . 

mm 

}C^ViTWfflT^D> ^tHt^<(Dm^. ;^^/0^^4^UX-T-;i/^ h>}0^\ 7KcD# 
[ [Ar-O-] q-Ar- [ [CO-Ar ' -] f-O-Ar] s" LCO-Ar' -] t" [0-Ar-] u-CO-] (I) 

Ar'«. yx.:zuymiL. i-y^uym^. tf:7xxi/>:^^. ^b<«T> 

q=l^ r=0, s=l> t=0. S:tXu= 0T-*^?j^U-7— }i^hUy^ 

(victrex*') ^ 5 mmx'-mmm^A^'^mx-^^^o q = l > r = O . s 

n^o q=l. r=0, s=0, t=2, BLtKu=lT^D. 

Ar;5n, 4-7^^l-->'T'fe5J4t'y-v-(^'^/^b^-<5/^* (Ultrapec®) ^ 



*^^¥ll-502249 



(7) 

m^\t. ^m<W^^S 0 6 5 2 0 5-^. GB- 9 7 1 2 7 7 . ^a#fF^ 
3 441 538^, GB-1 387 303, :ROT0 84-03891 
> Mr/i::iffl:5:. Iwakura, Y. , Uno. K. ^tt^Taniguchi, T. J . , Polym 
. Sci. , Pat. A-1, 6_, 3 3 4 5 (1 9 6 8) CUB^^nTVi-Sc 

h>t.KJlt>'t^. M^itiR. A. Clendinning, A. G. Farnham, W. F. 
Hall, R. N. J ohnsonRti^'C. N. Merriam. J. Polym. Sci. Al, 5 
,2375, (1967)>GB-1 177 183. GB-1 141 4 
21,EP-0 001 8 7 9,3l^ffl#B^4 1 0 8 8 3 7,^H#fF4 
1 7 5 1 7 5, T. E. Attwood, A. B. Newton, J. B. Rose, Br. 
Polym. Journ., A, 3 9 1 , (1 9 7 2) ;T. E. Attwood, P. C. Daw 
son, J. L. Freeman, L. R. J. Hoy, J. B. Rose, P. A. Stanlla 
nd. Polymer, 2 2 , 1096, (1981). 

iiMJi. EP-A- 0 0 8 8 9 5. EP-A-0 4 1 7 8 0 SlO^^E P - A- 
5 7 5 8 0 7 (ClBi^^nTV^^o 
EP-A- 0 0 8 8 9 5{^J:^i:, X;l/zK tl^^}^ U mWZX 

x\mcm.m\zxncmm(7)mm\zx^u^n^o Km\t^n\z\p^ < d tmn 

X$)^o EP-A-0 0 8 8 9 5\Z^^t. mB<D^^TXUO-y x.=-U> 



(8) 



EP-A- 0 4 1 7 8 OOy^m^Z^^t. 3# U ■7-§«fi^t-^^#i^4^ U 

ji—^j]/^h>'\t. ^mzxTsJv^yit-^n^o —^(D^ey^-m^ (a) (d^ 
v^/^'x;i/:^MbpJtMT^D, siJ(^^/v-#^ (B) «x;i^5j^>"fb$n7^cv^„ 

:i:i\z^\^^xhRm^mtmmy°v2±xRzs^(Dmz:^\^xmtvt^^^o mjst 
^^n^^^hi/tmMx&^o EP-A- 0 4 1 7 8 o(D:^mz<i:^t. ^m^z 

EP-A- 5 7 5 8 0 7 \zmm(D:^f^(Dm'^. X;^:t:Ml:$n^# U 

:Bczs^'j'^-(D^^^7.)\^-^>mtmm\zmz.r) . \zfm(Dmm^^^^o 
mmtm^v^^7.)v-^>im\zmmt^^xm^n. m^^x'^mm^n^o 

y-CO^m^^^B^^^'ffJ^^^^^X^^o :i(D:it\t. DaoustS. (Polymer, 
Vol. 3_5 (2 5) , 5 4 9 1 - 5 4 9 7 (1 9 9 4) ) iCckoTflSM^tlT^ 
x;V4^>'fb:/nir7.«, -'•o0m^MVm^$>Tc^—'D(DX)V^>m^lzm 

<^nx^ D > ^r^r.'D(DjL—^)]/mmzm^tix\^^^y:c-u>^(Dm-rD(D^m 

U^U(D-ot>(D—'D(D^mizm.^tlX^^^o iM^'^(Dy a^:r.UyM^t. Daous 

uz^^h. m:m(D^h>^mz^-Dx^m\zyf^mt-^nx\^^^rzibiz. ^z. 

jf^Mffi^M^tl^ (Marvel 5), Journal of Polymer Science, 
Polymer Chem. Edition, vol. 2 3. 2205-2223 (1 9 8 5) 



(9) 

Bishop^, Macromolecules, vol. 1 8 , 86-93 (198 5) )o 

^ffS#T©^i*(-43ViT, fflvie>nrc4^ux-7^;i/^ h>©0-:7xziU'>- 
o#{4(D^/0^'x;i/5j^Mb$n, o-:7xni/>-co#^a&r/co-:7xni/>- 

fc^sv^Ttt, mmxi~^-^^J'?-^m(D^7^M-^m^^^tr^v\z. #ux— T-;i/^ 

xmmx^^x)]^^^>it(D:^^^mm'r^^t. rzs. ^o-r^:Lt\zj^-^x. 

[ [Ar - 0-] p-Ar [ [CO-Ar ' -] x - 0-Ar ] ^- [CO-Ar ' -] y- [0-Ar-] n - CO-] (ID 
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(10) 

Ar'«> :7xrik>#fe, ^:7^i/>#^. }£yx.=LU>^^. mh<\try 

mmX&K). : H+, NR4+ (R=-H^V<\tCi- C^-r)V^JVmx$>^o ) 
$f^b<«, H+. NR4+. Na, K> Ca, Mg, Fe, X^iPtTa5^c ) 

f}^fii D (Df!i'&(Do-7xx i/>- c om^hmm\zx)i^^yit-^n^ ^ tf)^ 
—5^)i^h>(Dmm. mm<Dmm-^^9 8fis%75igi o oaM%ic7^^sTx« 



iNFa¥ll-502249 



(11) 



mmizm^^<hn^mm(Dmmu. B^v<\t9 4mm%n^9 7a»%amT^ 

HT^D. #fC2 0*C7?;S8 OrODigHTa&f^. $f S b < « 3 0 ^CT^M 6 0 
^ (III) . (IV) RXS (V) ©i}N^#UV-^fflVi^;ii:/OW^b<> ^in 




(HI) 




(iV) 
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(12) 




<V) 



^(11). (Ill) , (IV) . (V) :SlzS (VI) (Dot>. {i>r^< t^r.'Z) 

o 

o o J 

^ (III) (DJj^^^u v-(c-3ViT, m:^u. 8 ovutt: (DmMi:n(Dmiz 

1 4 mo 1 % i; D $ V^X Xb^/O^'HS!! ^ tlfco 
^ (IV) C07}^^4^U-7-tcoi/iT, Mx.«\ 8 Ot:J!^;^TT(^?§f^XfMolt(::. 

M9 0'C(D^H®X;V3j^>fMST«, — ^c7)i^D3gb¥^S^*^?l52 5mol% 

^ (V) ®^^/}^U-7-tC-:^liT. m^lt. 8 0 "CUT T(Dmmi:U(D'i^ 




(13) 

- U>- cornet CO-yx.:=^U>-CO^^(D]t(Dm^. JttXii^U'^-^m 

r/o-:7 xn 1/ > - c o^^^jO^' Mb^ Mz^lc7,;i/5j^ >^ 

iti^j^.m€-^j'^-comm\zik^-r^m<i^m^^i^m^v\^\ ^n^^\z. 
mm^v-^-ommiz^^vx. ^itw'^^^-^-cD^rji^m^-^io'^-^w^z^ 

y^vx.~-'7-)i^h>\t^M^\z. ^(D^Wrmmmomi^^mizu-Dxmm-^ 

comtJ^K)^M,\zxjv-^>itx^. 0-:7xxu>-co#fe«^^«co-:7 

>itm (s) 



(14) 

S = 4 EE + EK-KK 

EE«. #Uv-©5?#i^^3tfc*5tt^O-:7xni/>-om^®H^^Tab 
D : 

EE + EK + KK= 1 0 0 % 
V=EE//EK 

mmt-^ : S>1 5 0%T$)^t^V'^—\tm^\Z7.)V^>i\:-r^^t:^^'V^. 1 
5 0 %>S>8 0 %^^$>^^s^)^-\-^^mmz7.)l^^>it't^^t-fi^'C^. 



(15) 
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m^\t. 4'@^(^x;i/^>'fb$ti-5^^ (III) cD#ux-x;v<^h>f--:5Vi 
x^^x^^t mi) . ^x^nrzm.m\zMLx. Emmmf}m<fji^tt% 

ir^z.ti)^-psmx^^o h^^Lfsi-^^^. $>^umm^ (6 or) ott^*, itm 

\zm^x%mm-^n^o m^x. 9 omm%uy(DmMmmiz^^^x\t.. mw\z 
^\^^Kmmm(Dm'^\z:i5\,^xh. o-y jLziiy>-co^m(D7.)]/^>it\^mm 

umoumz^i^^x. m.^^^)^^m^xhmmu7.)VTt^yi\:timm'^n. -^^-^^^y. 
—^-(Dmm^u^'^t^'&iz^v. :$^mm(D:ijm\zj:mt. wpt^t^^^T^z^ 

%) xy.)]/:t->it^nrz^V'^-^itmmmv^^^n'rxn^rci^\z. ^mno^ 

:$imm\z^'Dxy.)i^>^t-^nrz-^V'^-^mm'r^mz. m^^t. mmmm 
smmxn^i o omm%\zf^^^xxu:tu^i>m^f)^so^mmmmx 
0. 0 ixn^i 5%{zr^^^x(D'^u^M.(DmiJu. mzmmM^-^^9 8. sa 
mxjbmi 0 omm%\zr^^^xx\t^uo Ammti^s o^mmmmx 0 . o i 
%nm5%\zr£^mx(D:tuo2^(DmM. RnB^v<\tmmmm^^9 s. ss 
mxTbmi 0 omm%\zr^^^xx\t:tu^Amm^^so^mmmmxo. o i 



(16) 
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(DUm-V. »Sb< «3 0°C7^S9 5°C(DMitffifflT> mz0^V<\t5 OX:Tb 

$>^. mymxjv-^yitmu. ^mm(Dni^^m\z^wr^t\^^o:it:fym^n 

Tv^-So xjv^y^t^^j-^-^yKmti^^xmi^^m'^izit. x)v-^>it^v^ 

*ViT. W\zmmx$>^o x)V^^>i[:\z3\^m^^x. x;i/4^>^S (SO3H) 

mim(D:^m\zj;:^xm<Dmm (S03M) -^t^m-^n^o 



(17) 

. {}^ts.< thimm%(D^ (III) (DJ}^ux-T-;i/^h>> ^zs\z. ^g^^<h 
UT> i^-^nhy^mm. ^J;itfN-^5^;i/tfDU H> (nmp) x«>^^^;1/ 

(DMso) ^^tso -^^j^-mmm^m^^xmrn-r^ti^^oBm 
y^)vj^(Dm^\zmzmwx^^. 

mmt^nm. mx\tmmmmxiit7iimw^mmm\z^n^mm\zmz 
mmx$>^o 

mmm 

9 6%(Dmmm^^ mrm^t^t-i jv/^x^m^rcm-DucDmp^mmizxti. 

^ (I) (Dm^O-^UJ^-^^Vyhy^mMLTco :k\Z:tUOA (2 0fiS%(D 

so3$^t^) ^mm\^. mmmmf)^9 8. 5S«%7^mi o os«%. x«s 

m^&^fzo mmts-^ mm~^nrz7.)]/^>i\:^mm\zt^rc^iz. f)^t}^^m^!^'& 
mu^mvTco m^i.^^>^)V:^->itm\zmLrzm. sjTN^^ihb, ±^m^mm 
LTzo m&mm. ^^c-NUR^yt6^m:&.n7Lm^m\z^'Dxm^v 

mi(Dmmmit^ (no ®7iN^#uv-§fflViTffo;^co m2(Dmmm\t^ 

(IV) ®3j^^:#U x'-SfflV^Ttf -^fCo ^ (III) <D4^UT— «1 2 5 %<DSfit 

^wb. ^n^^\z^nm\z7.)i-^>'{t^mt^m'^n. ^ (iv) (d#u 
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(18) 

f SEK) -^^^ux'^^mmm^t. m^^mt^^o 

No. IIMS-^T^D ; 

IVJi, dlXg (aH2S04ff', 2 5t:TliJ^) T^^tl^. HWIfi^TS)^ 
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(19) 



1 ;^ (m) (7);}N^7Ky -v— 



Ho. 


PC 


DT 


Dt 


RC 






DS 




5BK 


zv 1 


I 


$.7 


60 


6a 


d8.5 


dO 


0 


22.2 


31-Q 


1.3 


0.86 1 


2 


5.7 


60 


60 


99.5 


80 


30 


S3.1 


47.8 


5.3 


0. 84 1 


3 


S.7 


60 


60 




80 


60 


71 


62.9 


8.1 


0, 84 1 


4 


S.7 


60 


60 


9a. 5 


80 


90 


83.7 


73.4 


9.3 


0.80 1 


5 


S.7 


SO 


60 


98.5 


90 


120 


88 .5 


49.3 


9.2 


0.80 


$ 


^ ,7 


SO 


60 


9a-s 


80 


150 


94 .0 


83.9 


10. 1 


0 . 76 


7 


S.7 


60 


60 


d8.5 


80 


210 


100. £ 


90.0 


10.6 


0.73 


8 


S.7 


60 


go 


98, S 


80 


240 


102.1 


92.1 


10.0 


0*72 




6.7 


60 


60 


3d.S 


60 


0 


29.0 


•29.0 


0 


0.87 


to 


6.7 


60 


60 


98.5 


60 


20 


33.7 


33,7 


0 


0.87 


LI 


fir. 7 


60 


60 


98.5 


60 ' 


60 


38.8 


38.8 


0 


0.86 


X2 


5.7 


60 


60 


98 < 5 


60 


90 


42.3 


42.3 


0 


0.&4 


IS 


5,7 


60 


60 


98.5 


50 


UO 


44.9 


44.9 


0 


0,81 


14 


$-7 


60 


60 


98.5 


60 


ISO 


48.2 


48.2 


0 


0-79 


15 


5.7 


60 


60 


98.5 


60 


210 


53.1 


53.1 


0 


0.77 


ts 


S,7 


60 


60 


98. S 


60 


240 


55.8 


54.8 


1,0 


0.72 


17 


6.7 


60 


60 


98.5 


90 


0 


20. S 


20.5 


0 


0.83 


IB 


6,7 


60 


60 


98.5 


90 


30 
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